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String theory has attracted much attention for the last several decades as a promising 
candidate for the unified theory describing all fundamental interactions. 
All interactions except the gravity are formulated as the gauge theory with gauge group 
SU(3) × SU(2)×U(1). In addition to these gauge fields, some fermionic fields of elementary 
particles called quarks and leptons and a scalar field of Higgs boson altogether form the 
Standard Model of particle physics. The Standard Model provides a consensual 
understanding of particle physics at this moment, together with the description of 
microscopic physics based on quantum theory of fields. However, the rest of the fundamental 
interactions, gravity, is missing from the Standard Model, despite the fact that we experience 
it in everyday life. 
The theory of gravity was proposed by Einstein 99 years ago. It is described by the general 
 
theory of relativity, which is constructed from Einstein’s brilliant insight into the covariance 
of the physical laws under the general coordinate transformations (the principle of general 
relativity). To realize his insight, the Riemannian geometry plays a crucial role. The general 
theory of relativity leads us to recognize that the space-time is no longer the static stage 
where physical phenomena occur, but itself is a dynamical object described by the space-time 
metric. 
The general theory of relativity has great beauty in its theoretical formalism and still no 
inconsistent experimental observation with it has been reported. Hence, an application of the 
field quantization procedure to the metric, that is a field describing the dynamics of the 
space-time, would be naively expected to provide the quantum theory of gravity. However, 
this program is known to fall down due to the problem of non-renormalizability caused by the 
dimensionful Newton constant. 
If the quanta mediating the gravitational interaction are described by closed strings rather 
than point particles, the problem of non-renormalizability can be avoided. This is because a 
closed string can not shrink to a single point topologically, and hence weakens the ultraviolet 
divergence stemming from interaction points approaching each other. Indeed, it was 
recognized that there are oscillation modes, which can be interpreted to be gravitons in the 
closed string spectrum. Furthermore, not only the quanta of gravity but also gauge 
interactions were dramatically discovered to exist in string theory consistently. Ever since 
this first superstring revolution it has been widely expected that string theory will provide 
the unified theory of all fundamental interactions, especially including quantum gravity. 
 
Since the Riemannian geometry provides us with an intuition about the classical gravity, 
some kind of geometric notion would be helpful in order to deepen an understanding of the 
theory of quantum gravity. As above, string theory is expected to provide a description of 
quantum gravity, and hence the corresponding notion of geometry on the space-time would 
be “stringy” geometry which could be different from the Riemannian geometry, because the 
fundamental objects which probe the space-time are strings rather than point particles. 
Among various observations concerning stringy geometry, T-duality is one of the most 
significant features that are distinctive of string theory and one of the main subjects in this 
dissertation. T-duality concerns the backgrounds in which strings propagate. The 
backgrounds are specified by a configuration of the space-time metric and the Kalb-Ramond 
field (B-field) that is a 2nd-rank antisymmetric tensor gauge field. 
It has been observed that ill-defined “non-geometric” backgrounds are obtained by formal 
applications of T-duality transformation to well-defined configurations of background fields. 
Here we illustrate an example. Starting with a three-torus with non-zero constant H-flux, a 
sequence of successive applications of T-duality transformation converts the H-flux into the 
fluxes of different tensor type, schematically summarized as 
H ←→f ←→Q←→R, 
which are fluxes of tensor type (0, 3), (1, 2), (2, 1) and (3, 0), respectively, and which could be 
 
the origins of the missing pieces in the Kaloper-Myers algebra. Whereas the second flux, 
called f-flux, can be interpreted as a kind of structure constant, the third flux referred to as 
Q-flux can not be comprehended by such ordinary notion of geometry. Besides, the metric 
associated with such Q-flux becomes multi-valued. This configuration of the multi-valued 
metric as well can not be understood by ordinary notion of geometry, but be done by 
introducing the notion of T-folds which admits T-duality transformations in addition to 
diffeomorphisms when local patches are glued. As the initial configuration has three 
manifest periodicities, the third T-duality transformation might be considered and the 
existence of the flux of tensor type (3,0), named R-flux, is speculated. The nature of R-flux of 
tri-vector field has hardly been understood and only its existence has been suggested by 
formal arguments. These are why the latter two configurations associated with Q- and R-
fluxes are referred to as “non-geometric” in literatures. 
Although such ill-defined configurations of backgrounds had hardly been considered in the 
analysis of supergravity theory, there is a priori no reason to forbid them. Moreover, as 
mentioned above, the non-geometric backgrounds are expected to provide a new variety of 
supergravity theories, which could never have been obtained by dimensional reductions of 
well-defined configurations of the background fields. 
As it has been mentioned so far, the non-geometric backgrounds are introduced by theoretical 
considerations and might play roles in both theoretical and phenomenological issues. 
Nevertheless, neither clear interpretations nor appropriate formulations of such non-
geometric objects have been established yet. 
 
Generalized geometry is one of the frameworks, which capture some features of string’s 
backgrounds, especially H-flux in mathematical manner. It is a variant of differential 
geometry, firstly proposed by Hitchin and further developed by Gualtieri and Cavalcanti. 
Since the metric and B-field are treated on the same footing in generalized geometry, not 
only the metric but also B-field are regarded as geometrical objects. As a result, the 
construction of an analogue of Riemannian geometry based on generalized geometry 
naturally provides the NSNS supergravity action with geometric intuition. A brief review on 
this point is given in this dissertation. 
 
The main part of this dissertation is devoted to the considerations of non-geometric fluxes. A 
new variant of generalized geometry is proposed, in order to formulate one of the non-
geometric fluxes. This novel framework is a kind of dual of the ordinary generalized geometry, 
and indeed it has analogous structures in mathematical aspects. Since its formulation is 
based on the Poisson structure of the target space, it is sometimes referred to as Poisson 
generalized geometry throughout this dissertation. Poisson generalized geometry enables a 
consistent definition of a tri-vector field flux. This flux of tri-vector field would be identified 
with the R-flux, which has been neither understood nor formulated in the conventional 
frameworks, including generalized geometry. 
 
As mentioned above, Poisson generalized geometry is analogous to generalized geometry in 
mathematical structures. Hence, many objects considered in the ordinary generalized 
geometry can be transferred to those constructed in Poisson generalized geometry. The latter 
main part of this dissertation develops investigation in this direction further.  A 
construction of an analogue of Riemannian geometry based on the Poisson generalized 
geometry is investigated. It is found that the analogues of the connection and the curvature 
are consistently defined. As the Poisson structure is a fundamental object in the formulation, 
the resulting geometry is eventually found to be compatible with this Poisson structure in 
addition to the positive-definite metric. The compatibility condition demands the anti-
symmetric part of the connection to be proportional to the derivative of the Poisson tensor. 
 
It is observed that the resulting geometry is compatible with the Poisson structure. A Poisson 
structure potentially provides the non-commutative nature, since a space equipped with it 
can be regarded as the semi-classical approximation of a non-commutative space. Hence, by 
applying Kontsevich’s deformation quantization formula to the Poisson structure, the gravity 
theory constructed from Poisson generalized geometry is expected to be lifted to a gravity 
theory on a non- commutative space. It might be related to matrix models, since both the 
non-commutativity and the gravity must be taken into account in formulating those models. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
論文審査の結果の要旨 
 
 
弦理論の有効理論には、様々なフラックスが現れることが知られている。それらのフラックスの中
には、理論のコンパクト化の一般化の一つとして、または T双対性変換の結果として通常の幾何学的
な性質を持たない、いわゆる非幾何学的フラックスが現れ、そのようなフラックスを包含する理論の
存在の可能性が議論されている。一方、フラックスの中で弦の有効理論に自然に現れる H フラックス
を計量と同等な幾何学的対象として記述する方法が Hitchin によって提唱されている。そのような体
系は一般化幾何学と呼ばれる。そこで、非幾何学的フラックスを一般化幾何学に現れるような対称性
に基づいて定式化する試みがなされている。しかし，非幾何学的フラックスをこの体系を使って記述
する試みは今までの所、満足のいく理論として確立していない。 
 本論文では、Hitchin の一般化幾何学のある種の双対に相当するポアッソン一般化幾何学を提唱し
その応用を議論したものである。まず前半では、提唱したポアッソン一般化幾何学の定義と性質につ
いてまず詳しく議論している。さらに、ポアッソン一般化幾何学では，いわゆる非幾何学的フラック
スが，Hフラックスと同様に理論の対称性を捩ることによって生じる項として理解することが可能に
なることを示した。論文の後半は、前半で提唱したポアッソン一般化幾何学に基づいてポアッソン多
様体上のリーマン幾何学を構築している。ポアッソン構造の入った多様体上の重力は変形量子化に伴
って得られる非可換空間上の重力の半古典近似を計算していることに相当する。この時、ポアッソン
一般化幾何学における共変性を要請することで、接続、捩率、曲率といった幾何学的量が曖昧さなく
構成できることを示している。これにより先行研究の見通しの悪い不明瞭な定式化の為に理解できな
かった問題点に，第一原理からの構成法と幾何学的な解釈を与えた。 
 これらの研究結果は、独創的であり自立して研究活動を行うに必要な高度の研究能力と学識を有す
ることを示している。したがって、村木久祥氏提出の博士論文は、博士（理学）の学位論文として合
格と認める。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
